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adolescence and adulthood, dendrites and dendritic spines become stabilized under 24 physiological conditions 10-12 , and short-term MIC 13 . Whether this notion holds true for 25 pMIC, is unknown. 26 27 There has been a paucity of experimental studies of structural and functional 28 consequences of pMIC, so our first objective was to create a robust platform for 29 measurement in mice. We combined a mobile anesthesia setup (Fig. 1a ), chronic two-30 photon imaging of cortical synapses 14 (Fig. 1b ) through a reinforced thin skull window 15 31 ( Fig. 1b) , and repeated behavioral assessment 16 (Fig. 1c) into an integrated 32 experimental framework ( Fig. 1d , please see methods). Two imaging sessions were 33 carried out to determine baseline 3-day ('d') synaptic turnover (d1, d4). Immediately 34 after d4 imaging, pMIC was initiated. To document synaptic changes across pMIC, a 35 third imaging session was carried out immediately upon pMIC discontinuation (d5). 36
Three days post pMIC, mice were imaged once again to determine post-anesthetic 3-37 day synaptic turnover (d8). Additionally, a novel object recognition test 16 was performed 38 during baseline conditions (d4), and repeated after recovery from pMIC (d7, fig. 1c ). 39 40 We used the inhalatory anesthetic isoflurane due to its fast kinetics (order of minutes) 41 and thus maximal adjustability of anesthetic depth 17 . We tried to avoid an FiO 2 (fraction 42 of inspired oxygen) >50% throughout pMIC, as high FiO 2 values have been associated 43 with increased mortality in human intensive care 18 . Vital parameters (peripheral O 2 44 saturation, heart rate, breath rate, pulse distention, breath distention) were closely 45 monitored using an infrared thigh sensor (Fig. 1e) . When developing the experimental protocol, we successfully performed extended anesthesia in mice for up to 40 hours, yet for reasons of experimental feasibility (continuous presence of an experimenter 48 required), we carried out pMIC on 12 adult mice (age: 7.7 ± 1.5 months s.e.m.) with a 49 mean duration of 18 hours (17.96 ± 0.74 s.e.m.). Cardiorespiratory instability, or 50 maximum pMIC duration of 24 hours were chosen as primary pMIC discontinuation 51 criteria. Fluid and nutritional supply was ensured by administration of glucose solution 52 (1%, in PBS) via a subcutaneous line at 0. s.e.m.) ( Fig. 1e-f ). Sufficient oxygenation (>90%) was achieved with little variance 58 across a wide range of heart and breath rates ( Fig. 1e-g ). Relative variance of heart and 59 breath rate was much greater than O 2 saturation. While heart and breath rate co-varied 60 over time ( Fig. 1e ), breath rate showed the largest variance of all monitored vital 61 parameters ( Fig. 1g ), and most accurately clinically reflected anesthetic depth. Upon 62 pMIC discontinuation, mice usually rapidly displayed an acceleration of heart and breath 63 rate, and soon reacted to tactile stimulation. We defined the period between isoflurane 64 discontinuation and first appearance of the righting reflex as the wake-up time (9.65 ± 65 1.41 min s.e.m.). After waking up, all studied mice soon showed apparently normal 66 movement and body coordination as well as typical grooming and feeding behavior. To 67 evaluate whether pMIC results in basic behavioral changes, mice were repeatedly (prior 68 and post pMIC) subjected to a novel object recognition test (‚NOR', fig. 1c ). In line with previous literature 16 , mice spent significantly more time exploring novel objects post 70 familiarization during baseline conditions ( Fig. 1h , left). However, this effect was 71 abolished post recovery (>24hrs) from pMIC ( Fig. 1h, right) . Importantly, this effect 72 could not be explained by a simple post-anesthetic reduction of navigation through the 73 maze, as pre-and post-anesthetic total distances travelled during both familiarization 74 and NOR were similar ( Fig. 1i ). 75
76
Next, we set out to study whether pMIC affects synaptic architecture. To this end, we 77 carried out repeated structural two-photon imaging of YFP-labeled dendrites and 78 synapses (up to ~150µm beneath the pial surface) of layer 5 pyramidal neurons 14 in 6 of 79 the 12 adult mice undergoing pMIC ( Fig. 2a ). We chose a minimally invasive approach, 80 using a reinforced chronic cranial window over the thinned skull to minimize possible 81 effects from invasive surgery. However, this reduces overall imaging fidelity, and we 82
were not able to consistently distinguish between filopodia and dendritic spines across 83 all imaging sessions in all mice. Therefore, we chose to focus on clearly visible synaptic 84 protrusions, regardless of morphological classification. In 6 mice, we assessed a total of 85 1254 synaptic protrusions (209 ± 40 s.e.m.) on 238 dendritic compartments (40 ± 9 86 s.e.m.). We noticed that across all anesthetized mice and imaging sessions, dendrites 87 remained stable ( Fig. 2b-c ). However, pMIC-associated synapse dynamics showed 88 considerable alterations ( Fig. 2d ). In comparison to the 1-day total synapse turnover in 89 adult controls (n=6, total synapse count: 1113 [185.5 ± 50 s.e.m.]), pMIC-associated 90 synapse turnover was more than doubled ( Fig. 2e ). Both synaptic gain and loss were 91 significantly enhanced during pMIC, with the gain of synapses outperforming their loss 92 ( Fig. 2f ). When comparing pre-and post-anesthetic 3-day synaptic turnover, turnover 93 remained significantly enhanced after pMIC ( Fig. 2g ). In contrast to pMIC itself, the 94 post-anesthetic period was dominated by synaptic loss (Fig. 2h reinforced thin skull chronic cranial window was established as described 15 . We chose a 177 "thin skull" approach to minimize potential craniotomy-related changes of synaptic 178 plasticity that have been reported previously 26 . In brief, mice were anaesthesized with 179 isoflurane (initial dose 2-3% partial pressure in air, then reduction to 1-1.5%). adjustments. Based on a protocol of long-term anesthesia in mice 27 , we established a 224 setup that permits continuous general anesthesia of mice for up to days (Fig. 1a) . While 225 anesthetized, mice were kept on a warming pad maintaining a body core temperature of 226 37.5°C through a rectal probe and closed-loop temperature control system (ATC2000, 227
World Precision Instruments). The warming pad was placed on a tiltable platform whose 228 angle was slightly changed intermittently (max. 4°) in order to shift the animals center of 229 mass to reduce pressure pain and bruising. As mice loose body temperature easily due 230 to their anatomy, an infrared lamp was additionally put in place and optionally switched 231 on, if needed. Isoflurane was delivered in humidified air through a custom nose piece 232 (initial dose 1.5-2.5% partial pressure in air [ppa], steady state dose 0.5-1.5% ppa). 233
Ventilation air was humidified between the isoflurane vaporizer and the nose piece, and 234 all waste gas was actively removed via a suction pump. By the help of a dual gas 235 flowmeter system (100% O 2 , and room air) set up before the isoflurane vaporizer 236 system, the oxygen fraction (FiO 2 ) in air could be modified seamlessly between 21-237 100%. FiO 2 adjustment depended on the measured peripheral arterial O 2 saturation. 238
During the early period of pMIC, a fraction of inspired oxygenation (FiO 2 ) of 21% was 239 completely sufficient to maintain high peripheral O 2 saturation in all anesthetized mice, 240 while subsequently (>8 hrs) FiO 2 was usually slowly increased towards pMIC 241 termination without exceeding 50%. Similarly to human intensive care, we tried to avoid 242 an fiO 2 >50% 18 . To provide the animal with sufficient fluid and nutrition during 243 anesthesia, continuous fluid (saline) and nutritional supply (1% glucose solution, in 244 PBS) was administered via a programmable perfusion system via a subcutaneous line 245 at a rate of 0.1-0.2ml/hr. All throughout anesthesia, basic vital parameters (blood 246 oxygenation, heart rate, breath rate, pulse distension, breath distension) were 247 continuously monitored and recorded by a thigh or paw sensor (mouse ox plus system, 248
Starr life sciences). The sensor was periodically moved from one extremity to another to 249 avoid pressure-induced tissue damage. Further, this approach minimized the risk of 250 faulty vital parameter sensing due to excessive tissue compression. A sustained 251 pulse/breath distension ratio below 1 was sought to be avoided 27 Novel object recognition test. Before and after anesthesia, mice were subjected to 276 cognitive testing by use of a novel object recognition test (NOR), a widely used basic 277 measure of cognitive function and recognition memory in mice 16 . Following habituation 278 (exp. day 3, figure 1 d) to an open field maze (50x50 cm), mice underwent a first NOR 279 (exp. day 4, prior to start of pMIC). Initially, mice were exposed to two identical objects 280 (e.g. cell culture flasks filled with sand, or LEGO towers) that were placed in the open 281 field for 10 minutes ("familiarization"). After familiarization, mice returned to their home 282 cage for 4-5 hours, upon which they were placed in the open field maze again, yet with 283 one of the two identical objects replaced by a novel object (cell culture flask, or lego 284 tower, respectively). The NOR was repeated with a new set of objects at least 24 hours 285 after pMIC termination (exp. day 7), so changes in basic cognitive function, specifically 286 recognition memory, could be evaluated. All behavioral testing was video-recorded (7.5 287 fr/sec) from above the open field. We used custom written Matlab code for automated 288 tracking (travelled distance, object exploration time) of mouse exploratory behavior 289 during NOR (Fig. 1c) . 290 291 Data analysis. Similarly to previously described procedures for quantifying synapse 292 dynamics 28 , stacks were analyzed using the freely available software ImageJ 293 (rsbweb.nih.gov/ij/). Individual 3d-stacks for each time point (d1, d4, d5, d8), and 294 imaged areas (1-4 per animal) were analyzed side-by-side by two examiners who were 295 blinded to conditions, except for the reference imaging timepoint (d1). Based on 296 consensus between the two blinded examiners, clearly visible protrusions on dendritic 297 segments were classified as synapses. For each dendritic segment analyzed, same 298 synapses were defined as present (1) or absent (0) across stacks (imaging time points). 299
Based on the examiners' consensus, synapses could be defined as stable, gained, or 300 eliminated across imaging time points, once an entire experiment was analyzed, and 301 imaging time points could be revealed, and thus re-assigned to individual stacks. 
